The traditional approach for the synthesis of acylated alcohols from aldehydes proceeds via reduction to an alcohol followed by an acylation reaction. 1 Alternatively, reductive acylation is a simple method of obtaining acylated alcohols directly from ketones and aldehydes. 2, 3 Such methods find utility in two distinct ways: (1) the synthesis of industrially useful or naturally occurring esters (e.g., polyesters or triglycerides, respectively), 4 or (2) the one-pot synthesis and protection of alcohols as synthetic intermediates (e.g., benzyl ester and acetyl groups). 5 Transforming carbonylcontaining compounds directly into acylated alcohols -as opposed to performing these tasks stepwise -improves the efficiency of multistep synthetic procedures by reducing the required time and energy, as well as the chemical waste produced. Furthermore, the acetate products can be deprotected to their corresponding alcohols under mild conditions. 6, 7 There are existing methods for reductive acylation, many of which involve transition metals. [8] [9] [10] [11] [12] Metal-free reactions offer significant advantages (reduced environmental impact and cost, and increased accessibility); however, transition-metal-free approaches to reductive acetylation are rare. 11 The general mechanism for polar reductive acetylation is as follows: the -bond of the carbonyl of interest (i.e., an aldehyde or ketone) is reduced and further functionalized in situ via either esterification with carboxylic acids or transesterification with another ester. 4 The more explored approach is the second one, using weak reducing agents such as NaBH 4 and ZnBH 4 in the presence of an ester, most commonly ethyl acetate that doubles as the solvent. 2, 3, 9, 10, 13 In the case of the first approach, there is a logistical hurdle to overcome. The most common and efficient way to form an ester directly from a carboxylic acid is via Fischer esterification.
14 However, the Brønsted acid required for this transformation is not compatible with most hydride reducing reagents. 15 Alternatively, one could imagine achieving esterification by using an activated carboxylic acid, such as an acid chloride, 16 but such highly electrophilic species competitively react with any hydride reagent capable of reducing an aldehyde or ketone.
In contrast to common boro-, alumino-, and zinc hydrides, organosilicon hydrides such as triethylsilane not only tolerate acidic conditions but, in some cases, require acidic conditions to act as reducing agents. 17, 18 This makes organosilane hydrides potentially useful reagents for applications in reductive acylation of aldehydes and ketones. Triethylsilane in the presence of trifluoroacetic acid has been shown to promote reductive acetylation of aldehydes in moderate to good yield; a significant disadvantage of this unoptimized method being that a substantial proportion of deleterious ether side-product also forms in many cases (Scheme 1a), 19 which is fairly common in acid-catalyzed reductions using hydrosilanes. This finding, however, demonstrates a potential path forward for direct reductive acylation. 
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Recently, our group has developed several reductive methods using 1-hydrosilatrane ( Figure 1 ). Our research program has led to the development of a direct route for the reduction of aldehydes and ketones to their corresponding alcohols 20, 21 and direct reductive aminations of aldehydes and ketones in the presence of an amine. 22 1-Hydrosilatrane is an attractive reducing agent because it is air-and moisture-stable, inexpensive, and simple to synthesize. 21 While most of our work has shown silatrane reduction utilizing a Lewis base activator, experimental observations indicate that weak Brønsted acids also facilitate the reduction of aldehydes with no observed ether formation. With this in mind, this work seeks to expand the utility of silatrane by developing a simple and efficient way of synthesizing esters from aldehydes in a single-pot reaction (Scheme 1c) and reports our findings to date towards this aim. Several variations of the reaction were investigated with benzaldehyde and carboxylic acids using 2 equivalents of 1-hydrosilatrane (Table 1) . Trifluoroacetic acid (entry 1) only gave a 10% conversion to product, likely because of acidolysis of 1-hydrosilatrane before complete reduction of the aldehyde. Propanoic acid (entry 2) gave a slightly higher conversion of 25% but was still considerably less effective than acetic acid (entry 3), which gave a conversion of 75%. Increasing the concentration of reactants resulted in an improved conversion of 99%. Isolation of products required flash column chromatography because of the formation of a gel. 23 The reaction scope was examined by using a variety of aldehydes (Scheme 2). 24 Benzaldehyde provided a 64% yield of 3a. 25 Benzaldehydes containing electron-withdrawing groups such as nitro, cyano, and acetyl provided yields of 57-92% of 3b-e. Note that no reduction of the ketone moiety was observed in the reaction to form 3e, suggesting chemoselectivity for the reduction. Terephthaldehyde underwent reduction and esterification on both sites to yield diester 3f in a poor yield of 24%. Benzaldehydes containing inductively electron-withdrawing fluoro and chloro groups gave 71-86% yields of 3g-i. Benzaldehydes containing strong electron-donating methoxy and dimethylamino groups only gave trace amounts of 3j-k (determined as <5% by GC). Benzaldehydes containing weaker electron-donating phenoxy, t-butyl, and methyl groups provided the desired products 3l-n in yields of 74-83%. Reductive esterification of 1-naphthaldehyde resulted in a 71% yield of 3o. 
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The process was not limited to aromatic aldehydes; the aliphatic cyclohexylcarboxaldehyde readily formed ester 3p, albeit in a modest isolated yield of 31%.
Overall, a clear relationship between the substituent properties on the aromatic benzaldehydes and the observed yields has been established. Electron-donating groups, which decrease electrophilicity of the carbonyl carbon, slowed the rate of reduction to the corresponding alcohol and hence, overall reaction progression. Electronwithdrawing substituents increase electrophilicity of the carbonyl carbon, ultimately resulting in the highest yields.
Scheme 3 Plausible mechanism for direct reductive acetylation
A plausible mechanism for the observed transformation is shown in Scheme 3. The acetic acid solvent may serve to preorganize and activate the silatrane (as a Lewis base) and the aldehyde (as a Brønsted acid) to enable the hydride reduction. Bidentate coordination of another equivalent of acetic acid to the acylsilatrane could then facilitate transesterification from the silyl ester to the final ester product.
In summary, a facile single-pot esterification method of aldehydes using the readily available 1-hydrosilatrane as a reducing agent has been reported. Although this method is efficient with electron-poor aldehydes, further work needs to be undertaken to broaden its applicability to electronrich aldehydes, to accommodate a wider range of carboxylic acids.
